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The way in which man has come to understand celestial
matters appears to me hardly less wonderful than the

nature of the celestial events themselves.
--Johannes Kepler
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Foreword

Development is b’ th urgent and difficult, a situation which has under-
standably led tc much frustration. One of the causes of disappointment
has been the failure of "science and technology" to sharply raise stan-
dards of 1iving in most developing countries. The magic machine which
has produced such dazzling results in advanced couatries has too often
malfunctioned when assembled in a developing country, and its output
has seldom been dazzling. The reasons range from problems encountered
by the individual scientist to shortcomings of the entire international
scientific comnunity. They involve the nonscientific community as
well--governments in developing countries, donor agencies in advanced
countries, and society as a whole. The fostering of science and its
applications in a developing country is a subtle and complex process.

Is science necessary to development? Is it possible to improve
the standard of 1iving in a developing country without establishing a
formal scientific community? The second question differs from the
first, and there is no simple answer to either. It is obviously possible
to achieve some economic improvement in a developing country in the
absence of a domestic science capability, for a number of countries have
done so. But can a developing country achieve the status of an advanced
country without the participation of its own scientists?

There is much disagreement, frequently involving a distinction
between basic science and applied science. (Basic science is done for
its own sake, with the intended result a scientific paper. Applied sci-
ence is done with a view to specific technical application, on a problem
imposed "from the outside.") Some who concede the necessity of indi-
genous applied science in development maintain that basic science is a
luxury which developing countries cannot afford. Others argue that an
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effective applied science capability cannot be developed in the absence
of a basic science capacity--that applied scientists must have thorougn
backyrounds in basic science if they are to do competent work--and must
be able to interact with lasic scientists in the course of their work.

The problem is made ylore difficult by the long-range nature of
science development. BetLeen the initial stage, when students are sent
abroad for advanced educition. and the final stage, when a self-sustaining
scientific community can appiy itself to problems of national development,
there is a lapse of seeral decades (about fifty years, for example, in
the case of Japan). A government trying to rope with widespread famine
is understandably uninterested in an activity whose dimly perceived
benefits will orly materialize in a future which may never arrive. Sci-
ence development often requires a long-term investment at a time of
sliort-term crisis.

Can't a developing country import the scientific knowledge which
it needs without having to conduct its own research? Experience seems
to indicate that it cannot. A vast amount of scientific knowledge is
continually being generated by the world's scientists; the only per-
sons capable of selecting from the flood of information what is use-
ful for local purposes are practicing scientists. They alone can com-
prehend what is being done and keep abreast of scientific advances.
However, they can perform that service only if they are familiar with
local needs and conditions. Scientists isolated from their society,
however competent they may be, can contribute little to the develop-
ment effort.

The same is true in importing technology. The bewildering array
of possible solutions to any technical problem requires both technical
expertise and extensive knowledge of local canditions if the recipient
is to make a satisfactory choice. Technologies devised in an advanced
country to deal with problems there must usually be adapted to local
conditions if they are to function at all in a developing country.
Differences of scale, infrastructure, labor, and management must be
taken 1nto/account. The necessary adjustments are frequently so funda-
mental thyt applied scientists must be involved. And those scientists
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must be familiar with the local conditions to which the imported tech-
nology is to be adapted.

It therefore appears that a developing country must have indigencus
applied scientists even if it intends only to import the scientific and
technical knowledge necessary for development. Whether the applied
scientists must be jinked with an indigenous community of basic scien-
tists is a matter of some dispute. At any rate, it is clear that applied
scientists do better work when they have strong backgrounds in basic
science and can consult basic scientists.

Expenditures on research and development vary considerably. Among
advanced countries the average figure is 2-3% of the ¢ross national pro-
duct (GNP). For most developing countries the averags is about 0.2% of
GNP, though there are notable exceptions (such as Brazil). The latter
figure is small, but in the context of a developing country it is sig-
nificant. The magnitude of these sums justifies efforts to improve the
policy-making process which determines how they are spent.

This book is concerned with the d21liberate and systematic develop-
ment of scientific capability in developing countries. Some science
development probably occurs under other names in the context of various
development efforts. For example, attempts to increase agricultural
productivity involve research of a very specific nature--research for
which support can be obtained without having to establish the intrinsic
importance of all science. However, it is still necessary to produce
the scientists who will do the research, and that entails problems of
the sort discussed in this volume.

The author, a physicist, has been much involved in the processes
of science development. Since his personal experience has been rainly
independent of "official" programs, he is free to express his views.

He believes strongly that science is important in its own right (an
attitude which colors his presentation). His purpose is to convince
his readers that science development has been neglected and "to suggest
very specific ideas which, if implemented, would help to remedy this
neglect.” The book is a “"cummary of the state of the art in science
development,” a collection, distillation, and generalization of an
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accumulated body of experience. It appears to be the first book on
the subject, though the literature on science development has become
quite extensive. A valuable feature is the list of £00 publications
on various aspects of science development, many of them summarized in
the text,

Moravcsik argres that science must be developed in developing
countries if the desirable goals of a higher standard of living, an
independent economy, political and military power, and liberation from
a subsistence existence are to be achieved. Domestic science education
is, in his opinion, the best way to produce the needed scientists, with
strong emphasis on quality as well as quantity. Special attention must
be given to retaining competent scientific manpower--"brain drain" can-
not be tolerated. He asserts that scientific communication is perhaps
the most important tool of science, and that che international scien-
tific communication system is strongly biased against developing coun-
tries. There are internal problems of communication as well: while
many developing countries have the correct ratio of basic to applied
research, connections between the two are not developed. Hence the
effectiveness of each, particularly of applied research, is greatly
lessened. He maintains that improvement of quality in applied research
and the establishaent of 1inks between basic and applied should be the
primary targets of attention. The best method of allocating funds, he
says, is a mixture of individual grants based on merit and institutional
grants distributed equally.

According to Moravcsik, international scientific assistance is
"insufficient in quantity, not catalytic enough to have a sufficiently
large muitiplying power, and not close enough to the international sci-
entific comunity (either at the criginating or at the receiving end)
to be sufficiently effective. Much of what is being done has value,
but in the face of the enormity of the probiem, the response so far has
been altogether inadequate." He believes that "the scientific community
in the advanced countries has been ignorant, negligent, and nonchalant
about active measures it could take to assist developing countries in
the development of science." In his view, a much larger fraction of
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that community must take an active interest ir science development
before anything significant can be achieved.

Moravcsik does not claim to have exhausted the subject of science
development. The book is intended to stimulate and provoke as well as
to inform. It deals primarily with immediate problems of establishing
and maintaining a scientific comunity in any developing country,
leaving unexamined many larger questions of undisputed importance. Some
of his implicit assumptions raise questions as well. There is much work
yet to be done, as Moravcsik himself emphasizes. For example, an im-
portant aspect of science development js the economics of science. What
is the relationship between cost and scale? Which expenses will be the
same no matter what area of science is involved? What are the hidden
costs of science development?

Moravcsik examines only problems which are common to all devel-
oping countries, and his recommendations are necessarily general. How
can the specific science needs of a particular country be determined?
what factors are important in determining a strategy for science devel-
opment in a particular country? Can developing countries be categorized
with regard to differing procedures for science development? Is it pos-
sible to discuss procedures for science development withudt examining
separately the various specific sciences of which "science" is composed?

Are there alternative models for science development? The expe-
riences of, say, the People's Republic of China, USSR, UK, and USA were
not identical. To what extent do they provide alternative procedures from
‘hich developing couniries could select?

Can science development be successfully undertaken in any country?
A certain level of economic development must be attained before science
development can be support:d. Very small countries may have to under-
take a joint effort at sc.ence development instead of separate national
efforts. How can that be done?

Are there societal prerequisites for science? While scientific
communities have been established in many non-Western societies, the
problem of integrating the scientists with the larger society remains
generally unsolved. If the scientific community is isolated, it cannot
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make a significant contribution to the country's general development .,

In developing countries much applied research is poorly done.
However, some applied research is well done but has no effect: the
linkages between the research and production sectors are so poor that
research results never reach the places where they are needed. What
are the institutional requisites of science? How can the linkages be
established which will enable scientists to participate effectively in
their country's development?

Would it be casier to obtain indirect support for science develop-
ment? If building capability in biological and medical sciences were a
suppor-ting component of specific development projects in agriculture and
public health, for example, without being conspicuously labeled as such,
the development of those sciences might proceed more rapidly than if
funding w.re sought in an academi{. context.

These questions and others of considerable interest have not been
dealt with in this book. Presented here are a great deal of information
on science development, a set of recommendations, and an enthusiastic
call for involvement.

Hal S. Kibbey
PASITAM/MUCIA
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Preface

! generally hold in léw esteem books that promise to teach you to sinp,
in 10 easy lessons while you are reading in your armchair. finging 1is
something one does, and most of it comes from practice, not from some-
one else's verbalization of his own experience. 1 think of science
development in the same manner. It is a very new field in a recog-
nizable form less than 20 years old which aims at creating conditions
which allow the natural sciences to be established, practiced, and
strengthened in less-developed countries. (Throughout this book, the
word "science" will refer to the natural sciences.) It is an Bctivity
rather than a discipline, and those engaged in it work with the help of
experimentation, improvisation, intuition, and deduction from the
practical experience of themselves and their colleagues.

Why, then, did I decide to write a book on science development?
Science development has now reached the stage when some collection,
distillation, and perhaps generalization of this common body of expe-
rience will prove useful. For one thing, the literature on science
development has become quite extensive, even though, to the best of my
knowledge, this effort is the first book written on the subject. Pre-
sent literaturc consists mainly of articles, reports, and talks and is
widely dispersed in terms of source and location. Until recently,
there was not even a bibliography of this materizl. In contrast, other
aspects of development (including technology development which is some-
what related to that of science) have received more systematic attention
in books and bibliographies.

A surmary of the state of the art in science development might,
therefore, te of interest to the builders of science in less-developed
countries to stimulate and strengthen their thinking on these matters
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and to lend credibility and respectability to ideas they work for. It
is peculiar how ideas can be made more influential and palatable in the
eyes of local decision-makers by demonstrating (%hrough iaferences to
books or visiting lecturers) that they are alss held in some faraway
corner of the world. Clearly, the well-known proverb, "Nobody is a
prophet in his own country," has a corollary: "Even a fool can become

a prophet if he travels far enough." Having often been such a fool, I
have had the opportunity to observe that experience acquired in science
policy, organization, and management in one less-developed cou:itry is
seldom transmitted to other countries where similar problems ex!st
(unless perhaps bv a person who happened to visit both countries). 1
hope this book will help to bridge such an information gap.

I also hope the book will be of interest to those in tka scien-
tifically more advanced countries and in international oruanizations
who are involved (or should be) in scientific assistance progroas. 1
hope to convince the» that science has been much neglected in develop-
mental activities in favor of flashy short-range projects. At the same
time, I shall suggest to them specific ideas which, if implemented,
would help to remedy this neglect.

Finally, this book is also directed toward the scientific commu-
nity without whose participation science development cannot achieve
significant success. 1 have found that in spite of the basically
international character of the natural sciences, awareness, knowledge,
and concern about problems of building science in less-develcped coun-
tries are very slight indeed among scientists in advanced countries.

I have always thought this regrettable, since science development
appears to be one of the most suitable activities for a scientist who
wishes to apply his expertise to a broad area of immediate and strong
“yicial concern. From this point of view, I would be particularly
gratified if the book were read by young scientists either within or
outside the framework of a university course. The book is, however,
not an academic study in the social sciences. Inasmuch as some social
scientists may find it i1luminating, it will probably be as an illus-
tration of a strongly interdisciplinary problem viewed by an active
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practitioner of the natural sciences who has gained his expertise in
the subject matter mainly through personal experience.

These are, in fact, my credentials for writing this book. My
interest in science development was aroused in 1962 when I spent a year
assigned to Pakistan as a temporary “"expert" of the International Atomic
Energy Agency. Since then, 1 have been constantly involved in one or
ancther aspect of science development activities, though always parallel
with my work as a research scientist in theoretical physics. Thus, I
could always communicate with scientists in other countries as a col-
league rather than as a "mere" administrator. My involvement has been
through the writing of articles and through committees as well as
through individual, personal projects, and contacts. Except for the
IAEA assignment aiready mentioned, I have never worked full-time for a
development organizatica of any sort. This has allowed me (together
with whataver drawbacks it might also entail) a versatility, flexibil-
ity, independence, and freedom in choosing programs to create or to
join. It has also enabled me to offer my views and services with a
minimum of constraint.

That element of personal experience and involvement was impartant
in the writing of this book. There are two types of information avail-
able about science development. One is formal and consists of written
reports, "factual" articles, proceedings of solemn and conspicuous con-
ferences, and similar respectable documents. The other consists of per-
sonal accounts, informal opinions, results of visits, conversations with
fellow scientists and science organizers around the world, etc. The re-
lationship between the two is similar to information about Oregon's beau-
tiful Cascade Mountains through maps and Forest Service Pamphlets on the
one hand and photographs and memories of personal hiking trips on the
other. Without maps and descriptions one would get lost in the woods
and would not have an overall picture of the Cascades. Yet without the
aid of personal and necessarily more anecdotal information, one's know-
ledge of the Cascades would lack vitality. The map does not tell whether
a forest consists of scrubby broken trees or beautiful pines or whether
a rocky formation is just anothe: piece of lava or a fascinating view.
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Similarly, much of the formal documental information on science
development lacks those elements which enable one to feel whether a
certain program, institution, or group represents a dead paper-entity
or a dynamic, productive force. Numbers and purely factual descriptions
cannot reveal this difference. What is needed is direct personal eval-
uation by uncommitted, institutionally (and ideologically) free, but
expert individuals, and such an evaluation is available primarily
through informal, personal channels of communication. It was my in-
tention, therefore, to include in this book, in contrast to some books
dealing with other aspects of development, the crucial element of per-
sonal evaluation (together with the necessary elements of factuality
and balance), even though the rormer will 1ikely make the book less
"objective" and more controversial.

On the other hand, this book is not an exposé. It has become
fashionable to write tracts denouncing this or that us obviously evil,
mismanaged, and corspiratorial. I have not joined that movement. I
have always believed that problems in the world remain unsolved mainly
because our know-how at any time is slightly less than that demanded,
and there are always more unsolved problems than people to work on
them. This book is simply an amalgamation of facts, other people’s
views and suggestions, and my own ideas, proposals, and critiques. I
have tried to differentiate among these three classes so that facts,
consensus views, and personal opinions do not become confused. Though
this is a "first" book, it is certainly not written with even the
slightest intention of being the last in the field. The greater the
number of people who are induced, stimulated, or enraged enough by
this book to write their own, the better I will consider my aim accom-
plished. In fact, the main aim of this book is to increase both the
collective expertise and the number of interested people who, with
whatever ideas of their own, will continue to work in science
development.

Michael J. Moravcsik
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A \/\/'ord on Format

The format of this book is somewhat unusual. Since it is my hope that
the book will be perused by both those wanting a brief introduction to
the subject and those with a deeper involvement and more extensive
background in science development, the bock has a double structure.
Each chapter consists of two parts: the main text and a section en-
titled "Background and Comments." The first is intended to serve as
introductory, qualitative reading without references and small details,
and can be read in sequence (omitting the second parts). The second
parts contain references, documentation, statistical informacion, and
additional details and commants. Persons with a serious irterest in
the subject should read both parts of each chapter. The second parts
can also be used separately as an encylcopedia of science developient,
though 1 am far from claiming encyclopedic comprehensiveness here.

Each of the chapter headings deserves a book by itself. I apolo-
gize, therefore, for omissions of certain facts, programs, and details.
The omissions were judged necessary in order to keep the book to a
manageable length. The same can be said for the references. Although
there are some 500 of them, no claim is made that everything has been
included, and my apologies are extended to wronged authors. But even
500 references are too many for certain purposes, so I have included
a list of about 60 references which I found particularly interesting
or pertinent. For additional listings and bibliographics containing
source material on science development, see the following references
given in the bibliography: AID 1972b, CFA 1970, MORAVCSIK 1973b,
RETTIG 1964, and RPP 1966.

A few words cbout terminology are necessary. The names of coun-
tries are given in the form used by the countries themselves at the
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time referred to. Thus, the isiand off India might appear as Ceylon
and Sri Lanka. The mainland area of East-Southeast Asia is referred to
as the People's Republic of China and the island of Formosa as the
Republic of China. These rules are not necessarily followed in the
notation of the bibliography where brevity is needed.

It is unfortunate that the science development literature is
scattered in so many journals, reports, brochures, and other publica-
tions of limited circulation. Many are difficult to locate. Since I
have a copy of all references listed in this book, 1 would be glad to
help any reader with information about where they might be available.
1 will try to answer any inquiry addressed to me at the Institute of
Theoretical Science, University of Oregon, Eugene, Oregon 97403, USA.
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Abbreviations and Acronyms

AAPT
AC

ACAST

AEC
AID

AIT

ASATHL

BFS

BSCS

CASTASIA

CENTO

CERN

American Association of Physics Teachers.

More advanced country. Not a rigorously defined term, it
designates countries with a per capita GNP of more than about
$900 a year. With regard to science, a country is an AC if it
is capable of generating and utilizing significant amounts of
new scientific knowledge in a broad spectrum of areas. Less
than a quarter of the countries of the world can thus be de-
fined as ACs. The adjective "advanced" is not being used to
make any value judgments about the cultures, traditions, moral
systems, or social structures of the countries thus labeled.

Advisory Committee on the Ppplication of Science and Tech-
nology to Development, an advisory committee of the UN.

Atomic Energy Commission.

Agency for International Development, a US governmental
agency in charge of irtcrnational assistance.

Asian Institute of Technology, a regionally-supported "cen-
ter of excellence" and educational institution in the applied
sciences and engineering lccated in Bangkok, Thailand.

Association of Southeast Asian Institutions of Higher Learn-
ing, a regional organization of universities with headquar-
ters in Bangkok, Thailand.

Board of Foreign Scholarships, a body in charge of US govern-
mental educational and scientific exchange programs.

Biological Sciences Curriculum Study, a secondary school biol-
ogy program developed in the US.

Conference on the Application of Science and Technology to the
Development of Asia, a UNESCO-sponsored regional ministerial
conference held in New Delhi in August 1968.

Central Treaty Organization, a grouping of mainly Middle
Eastern countries.

Centre European pour la Recherche Nucleaire, a regional labora-
tory operated by European countries for the support of research
in nuclear and particle physics and related science, located

in Geneva, Switzerland.
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CIEP

CIMT

CLAF

CNP

CONACYT

CONICYT

COsT

COSTED

CSIR

CsT

FAO

FORGE

GNP

TAEA

1BRD

ICIPE

ICSu
ICTP

101

Committee on International Education in Physics, a committee
of AAPT.

Committee on the International Migration of Talent, a pri-
vately supported study group in the US temporarily estab-
lished to report on the brain drain.

Centro Latino Americaro de Fisica, a regional association of
Latin American countries for the support of scientific activ-
ities in physics.

Conselho Nacional de Pesquisas, the national research council
of Brazil.

Consejo Nacional de Ciencia y Tecnologia, the national re-
search Council of Mexico.

Commission Nacional de Investigacion Cientitica y Tecnologica,
the national research council of Chile.

Committee on Science and Technology, an Indian governmental
science policy-making body, superseded in November 1971
by NCST. :

Committee on Science and Technology for Development, a com-
mittee of the UN.

Council of Scientific and Industrial Research, an Indian
governmental agency in charge of a large assortment of sci-
entific and technological research activities.

See COST.
Food and agriculture Organization, a special agency of the UN,

Fund for Overseas Research Grants and Education, a private
agency in the US providing small research grants to individ-
ual scientists in LDCs.

Gross national product, the total amount of goods and ser-
vices produced by a country in a given year.

International Atomic Energy Agency, a special agency of
the UN.

International Bank for Reconstruction and Development, an in-
dependent international agency supporting development projects
in LDCs. It is commonly referred to as the “World Bank."

International Centre for Insect Physiology and Ecology, a
research center in Nairobi, Kenya.

International Council of Scientific Unions.

International Centre for Theoretical Physics, a research cen-
ter in Trieste, Italy.

Internationa) Development Institute, a US governmental agency
proposed in the Peterson report, not yet established.
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1DRC

IIE
ILO

IRRI -

ISF
IvVIC

KAIS
KIST
LDC

LIPI

MOST

NAS

NBS

NCST

NSF

OAS

00C

OECD

International Development Research Centre, a Canadian govern-
mental agency concerned with research projects in the area
of development of LDCs.

Institute of International Education.
International Labour Organization, a special agency of the UN.

International Rice Research Institute, a research center in
Manila, the Philippines.

International Science Foundation.

Instituto Venezolano de Investigaciones Cientificas, a govern-
ment-supported research institute in Venezuela.

Korea Advanced Institute of Science.
Korea Institute of Science and Technology.

Less developed country. Not a rigorously defined term, it
generally includes countries with a per capita GNP below
about $600 a year. In terms of scientific infrastructure, a
country is an LDC if it is unable to engage in significant
independent research in a broad spectrum of scientific prob-
lems. Well over half of the countries of the world are LDCs.
The adverb "less" is not being used to make any value judg-
ments about the cultures, traditions, moral systems, or
social structures of the countries thus labeled.

Lembaga I1mu Pegetahuan Indonesia, the overall science coor-
dinating body of Indonesia.

Ministry of Science and Technology, a ministry in the
Republic of Korea in charge of scientific and technological
matters.

National Academy of Sciences, a US semi-governmental body.

National Bureau of Standards, a US governmental research
laboratory.

a) Nigerian Council for Science and Technology, a science
policy-making body of the Nigerian government;

b) National Committee on Science and Technology, a science
policy-making body of the Indian government, established
in November 1971.

National Science Foundation, a US governmental agency in
charge of supporting research.

Organization of American States, a regional consortium of
governments from the Americas.

Overseas Development Council, a private US organization con-
cerned with development problems in LDCs.

Organization for Economic Co-operation and Development, a
regional consortium of primarily European countries.
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osT

PAEC
PCSIR
PINSTECH
PSAC

R&D
SaT
SEED

SIDA
TUBITAK

UAR
uGc

UK
UN
. UNCTAD

UNDP
UNESCO

UNIDO

us
USAEC
uss
VITA

WHO

Office of Science and Technology.

a; an agency within UN headquarters; "

b} a now defunct agency of the executive branch of the US
government;

c) a section of AID.

Pakistan Atomic Energy Commission.

Pakistan Council of Scientific and Industrial Research, 2
Pakistani governmental agency in charge of a broad variety
of research in science and technology.

Pakistan Institute of Nuclear Science and Technology, a
research center of the PAEC in Rawalpindi, Pakistan.

President's Science Advisory Conmittee, a now defunct advi-
sory body to the President of the US.

Research and development.
Science and technology.

Scientists and Engineers in Economic_Deavelopment, an AID-
funded, NSF-managed program of travel and subsistence grants.

swedish International Deveiopment Authority, a Swedish gov-
ernmental agency in charge of international assistance.

Turkiye Bilimsel Ve Teknik Prastirma Kurumu, the scientific
and technical research council of Turkey.

United Arab Republic.

University Grants Commission, an Indian governmental organi-
zation in charge of university education and research.

United Kingdom.
United Nations.

United Nations Conference on Trade and Development, 2 UN
agency.

United Nations Development Programme, a UN agency.

United Nations Educational, Scientific, and Cultural Organi-
zation, a special agency of the UN.

United Mations Industrial Development Organizatinn, a UN
agency.

United States of America.
United States Atomic Energy Commission.
Union of Soviet Socialist Republics.

Volunteers for International Technical Assistance, Inc., A
private US organization active in technical aid to LDCs.

World Health Organization, a special agency of the UN.
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One
Why Science in LDCs?

That the building of science in LDCs is an important and timely problem
fs not an unchallenged statement. The statement does tend to draw more
uniform support in LDCs than in ACs. The nature of often-heard objec-

tions can be illustrated by a few typical, though stylized, "quotes":

A country with a 70% illiteracy rate and hardly enough food for
everybody to eat should work on more simple and immediate prob-
lems than the building of science.

A country so far behind on the evolutionary scale cannot compete
favorably with the great scientific countries of the world anyway,
and it 1s a waste for it to try.

We must not destroy the indigenous culture of a country by allow-
ing it to replace that culture with science.

We must prevent yet untechnologized countries from taking the
same disastrous road which led the Western countries to a scien-
tific and technological world of war, crime, and pollution.

The building of science in LDCs must be allowed only if the LDC
has a social structure and government that we approve of because
ideological considerations must be paramount over sciance

and technology.

1 consider the above statements fundamentally without substance. Yet,
I do not propose to consider them now. It is my expectation that by the



end of this book, the reader will have acquired sufficient information
on the building of science in LDCs to compose his own conclusions. But
the objections do point to the necessity of presenting at the outset a
group of positive and compelling reasons for the urgency of building
science in LDCs.

It is easy to argue that in the long run each country must have
an indigenous scientific community. There are many reasons for this.
Science and technology are indispensable for a high standard of living,
and the elimination of the gross disparities in present standards of
1iving around the world is almost universally agreed on as being abso-~
lutely necessary. Science and technology are keys to an independent
economy, and the absence of even the semblance of economic domination
by some countries over others is another generally favored goal. Sci-
ence and technology are indispensable to political and military power,
and the concentration of such power in the hands of a few countries is
generally considered undesirable. Science and technology have so far
proven to be the only tools whereby humanity can free itself from a
preoccupation with food and shelter, thus liberating a large fraction
of the human population for "higher," more worthwhile tasks, whatever
those tasks are judged to be by the different value systems of the
various comunities. Finally, science and technology are themselves
one form of such higher activity, and 1imiting such a pursuit to only
a few is intolerable in the long run.

The building of science in LDCs can also be Justified in terms of
many shorter-range considerations; the most important is education.
some knowledge and understanding of science is such an indispendable
element in so many fields (engineering, agriculture, medicine, and
economic plann'ng) that the importance of good science education in any
country should be evident. Even those who do not acknowledge the
necessity of having an indigenous scientific community in each country
readily concede that access to technology is a matter of survival for
all countries; they advocate technology transfer without indigenous
science. However, it is well-established that those who participate in
this transfer process must have a thorough scientific training.



Relevant and functional science education must be accomplished by
people with continuing personal involvement in scisntific activities.
At a time when science makes rapid progress, when esoteric and "irrel-
evant" areas of science become within a decade or less rich sources of
applications over broad realms of human activity, continuing education
of the teacher is crucial. This can be accomplished only by allowing
him to be continually and personally involved with science. Many LDCs
today are cursed with a large body of science teachers who have lost
contact with science and settled down to a routine recitation of scien-
tific facts instead of teaching students that science is a method of
inquiry and problem-solving. This attitude is amplified through the
students and produces a whole cadre of technological, medical, and
administrative personnel unable to participate in the dynamic activity
of development. In sum, science cannot be taught to professionals un-
less there is a functioning scientific community to do the teaching.

Development of science in LDCs may be further justified in terms of
immediate benefits which could result from the application of science
and technology even at the early stages of a country's development,
There are two aspects of this. First, some rasults of science and
technology already developed in the more advanced parts of the world
will be directly applicable to the country's problems. Even in rather
rudimentary agricultural activities, medical programs, or engineering
functions, the use of modern methods of science and technology could
considerably enhance the product. In addition, there will be problems
which cannot be solved by direct adaptation of something already deve'-
oped by more advanced countries. Special climatic or agricultural con-
ditions might produce novel problems, and special social circumstances
might dictate novel solutions. For example, in the early 1960s West
Pakistan found itself in sericus trouble because of increasing salina-
tion on its agricuitural land. The problem had originated in part with
the extensive canal system built a half-century before which had trans-
formed the area from a desert into a fertile agricultural center. Un-
fortunately, the canals were not lines, and over the decades the seepage
of water and subsequent evaporation had slowly deposited a concentration



of salt which finally became prohibitive for useful plant life. The
situation was substantially ameliorated when, by chance, a team of sci-
entists and engineers from an advanced country was activated to attack

the problem. (To be sure, seepage from canals was not the only cause of
the salination, and thus the problem has by no means been completely
solved. However, significant improvement has been made, and some lost
land has been reclaimed.) In countless other examples, problems un-
doubtedly still persist because no scientist or technologist from an ad-
vanced country pays any attention to them, and the country where the prob-
lem exists has no adequately trained scientific manpower to deal with it.

As will be discussed later, an LDC cannot necessarily have a cadre
of specialists ready to deal with any problem that may arise. It can,
however, have a group of scientists above critical size in continuing
contact with the active areas of science who could be consulted in
finding solutions. If necessary, they could contact the international
scientific and technological community for further help, and they could
help to assess the areas of modern science which might be relevant to
the solution of such problems. With the eser-decreasing time interval
between scientific discovery and subsequent technological application,
such a direct connection between scientists and technological problems
is highly desirable.

In most LDCs private capital plays a relatively minor role in devel-
opment; the central government is the formal motive force of development.
Such governments often approach developnent in terms of long- and medium-
range development plans. Even if there i< no formal plan, the country
follows a definite course of development. In either case, implicit
decisions are being made about the scientific development of the coun-
try. In some cases, the decision may be conscious and specific, aimed
at building up the country's scientific capability. In other cases, a
negative decision is implicitly made by the absence of positive action,
In either case, the course of national development affects the indi-
genous scientific community.

It follows that the planning process must, even in the very early
stages, include active and knowledgeable scientists and technologists.



This claim is sometimes disputed by those who see national planning

as the exclu~ive prerogative of economists and politicians. However,
there is no example of an AC where such decision-making does not in-
clude members of the scientific and technological community. The role
of the econmmist and politician is to codify and formalize elements

of an overal: scheme with input from specialists in each area, in-
cluding science.

Since | ianning sometimes extends far into the future, scientists
must participate from the beginning. In the Republic of Korea, planning
for science and technology covers a period of more than 15 years. Its
university and scientific manpower policy is predicated to cope with
projected demands in the mid-1980s, even at the possible cost of scien-
tific unemployment during a preceding period. With such an eiaborate
and somewhat risky plan, it is crucial that responsibility rest jointly
on all segments of the educated population.

An important argument favoring development of science in an LDC
is concerned with the morale of the country. The building up of an LDC
is a very arduous and difficult task. The present state of the coun-
try appears backward, the difficulties are enormous, and the gap with
respect to ACs seems to increase constantly as the latter continue their

wn development. It is, therefore, important to find areas of develop-
ment in which demonstrable and significant successes can be achieved,
to show that it is possible for an LDC to "catch up” with ACs in some
respects. It would evidently be difficult to find such areas of com-
petition in large-scale undertakings like steel production or computer
fabrication. But it would not be at all far-fetched to find such an
area in some branch of science. Its most important ingredient, intel-
ligence, is a universal asset in contrast with raw materials, material
wealth, and empirical know-how. That a Raman in India or a Houssay in
Argentina could receive a Nobel prize serves as a dramatic illustration
of the capability of those countries to contribute to pioneering under-
takings of humanity. Knowledge of this accomplishment then serves as a
morale booster for the general development of those countries, even in
areas where similar outstanding success is not yet in sight.



The importance of morale cannot be overrated. The belief that
development goals are achievable through the continual efforts of indi-
genous people is crucial to the success of any development program. It
may appear that isolated successes in restricted areas of development,
amid large seas of backwardness and trouble, are tokens unworthy of
serious attention. But morale is a state of mind and therefore in-
volves both rational and emotional elements. “rom a functional point
of view, such isolated successes have an emotional impact which
strengthens and heightens morale, and the emphasis is amply Justified.

Another aspect of science of great significance to an LDC is its
relationship to the concept of change. 1f asked to single out one
popular attitude that represents the crucial difference between an LDC
and an AC, I would choose the attitude toward change. Consider an
American, no matter how conservative in his thinking. If he had not
been, say, in Cleveland for a number of years, he would upon his return
expect to see many changes. He might decry those changes and speak of
the "good old days," but in a functional sense he would behave in
accordance with those changes, and in most cases he would generate
further changes. That change is the normal state of the world and
changes are brought about by human activity would be implicit in his
view of the world.

In contrast, the natural expectation of most people in LDCs is a
state of immutability. A person in an LDC will generally assume that
tomorrow is bound to be similar to today and yesterday, and this state
of affairs is something fundamentally beyond human control. As a re-
sult, suggestions for change will be considered with great suspicion,
jncredulity, and psychological resistance. The lower the educational
level of the person, the more deeply these attitudes are likely to be
ingrained. A small minority of well-educated leaders might have a more
dynamic view. (This situation is often incomprehensible to intellec-
tuals in ACs who 1ike to believe in a different model more compatible
with Western political preconceptions. According to that model, LDCs
consist of a large population yearning for progress, oppressed by a
small reactionary "ruling ciique" which resists all change and impedes



the progress desired by the masses. A notable example <f this "con-
spiracy" model of LDCs was embodied in the former best-seller, The Ugly
American. )

A static view of the world is clearly incompatible with the basic
jdea of development. The existing gap between rich and poor countries
has developed because LDCs have not changed significantly while ACs
have changed enormously. The ACs have radically altered their sphere
of activities, their practical and spiritual horizons, and their aspi-
rations, and the rapidly increasing body of achievements has radically
changed their standard of living. If greater parity among countries
is to be attained, the idea that change is a natural state of human
affairs mst permeate all countries, and the conviction that human
efforts can bring about such change must be strengthened worldwide.

Scirace, perhaps more than any other humnan undertaking, is a
vehicle for the strengthening of these desired attitudes. The con-
cept that events are functionally related to time is one of the basic
elements of th2 natural sciences, and every scientific experiment is
a demonstraticn that through human effort we can regulate at least a
certain part of nature to bring about certain desired results. The re-
lationship between scientific understarding and technological achieve-
ment has been thoroughly demonstrated throughout the ages further rein-
forcing man's feeling of control over his environment. But the general
population cannot be exposed to science without a dynamic and indigenous
scientific community. What needs to be propagated is not the details
of scientific laws but the spirit of inquiry, thke intellectual and
spiritual excitement inherent in scientific activities. This can be
done only by direct contact with active practitioners of science.

Turning now to a different aspect of the role of science in LDCs,
we find that science can be of major importance in solving social prob-
lems. Science is the most important foundation of technology which in
turn is a tool for solving many material problems. Material and social
problems are closely intertwined, however, and science can assist in
solving both. For example, the key to influencing social attitudes is
communication with large segments of the population. Such communication



is much advanced by indigenous applied science whether through radio and
television or the eradication of illiteracy. A significant social in-
fluence of science is the opportunity it provides for social mobility.
Scientific merit can be determined in a fairly objective way, and stu-
dents who excel in science can rise to respected positions in many LDCs
regardless of social origins. It has been pointed out in various con-
texts that scientific and technological advances often allow us to
bypass social solutions by eliminating the causes responsible for the
social problem. Examples are easily found in the history of the ACs.
The conflict between industrial workers and managers in the 19th cen-
tury was eliminated largely by technological advances resulting in
fantastic increases in individual productivity. To be sure, labor
unions and other political forces played a part, but their success would
have been highly improbable 16 the absence of concurrent technological
solutions since the economic aspects of production would have been too
constraining. Similar scientific-technological solutions, or at least
substantial aids to solutions, can also be expected in the development
of LDCs.

In a more speculative vein, we might consider the long-term con-
sequences for science if Western cjvilization should begin to decline.
There are indeed some signs in the ACs which indicate a loss of faith
within the scientific community and within those countries as a whole
with respect to the value of pursuing science. 1t has been pointed out
that civilizations deteriorate because their people become tired and
lose the dynamic purposefulness needed to continue. Should such a de-
cline set in, we might ask whether science would also vanish with the
extinction of this civilization or whether succeeding cultures would
incorporate science into their value systems. In general, civilizations
are not very successful in transmitting values to ensuing civilizations.
Value systems are subjective, and what appeared central and substantial
in one system may appear unimportant and irrelevant in another.

Yet, science may be an exception. Because of the objective nature
of the natural sciences and because the scientific method provides
fairly unambiguous criteria for jvdgment within the realm of scientific



jnvestigations, it is possible that science as a valuable activity could,
in fact, be transmitted to other civilizations. Science has already
managed to fuse with the cultural and social traditions of countries
with histories very different from that of Western civilization. It is,
therefore, plausible that such a transmission of science could occur.

If this is so, those who value science should ensure that it is firmly
established in all areas of the world before the decline of Western
civilization makes such a transmission impossible. It is difficult

to foresee where new civilizations will arise, and a worldwide disper-
sion of scientific activity is required. We have, then, a very iong-
range, transcendental motivation for sharing science with all of
humanity.

A substantial list of reasons has been given why science should
be pursued in LDCs. Some are theoretical, others more practical. All
could possibly be criticized as being externally imposed on LDCs as
reasons invented by those in ACs who think they know what is good for
LDCs. Though I do not believe the reasons listed above have this qual-
ity, I want to conclude by discussing an internal motivation for estab-
lishing scieace in LDCs which is rooted in clear political realities:
LDCs demand that science be shared with them. Virtually all countries
proclaim that they must actively participate in the scientific and
technological revolution. Whether rightly or wrongly, science and
technology are perceived as indispensable components of a country that
has reached maturity and joined the world community on an equal footing.
That this feeling is not only on the surface was well-illustrated by
the reaction of many countries to the nonproliferation agreement on nu-
clear weapons. During and after the negotiations preceding the treaty,
charges were made by a number of LDCs that the treaty was just a camou-
flaged maneuver by ACs to assure for themselves a permanent monopoly
on nuclear science and technology.

Thus, the sharing of science is not an altruistic activity or a
charitable gesture, but a necessary process in harmony with the aspira-
tions of countries around the world. There are some who argue earnestly
that we must prevent LDCs from acquiring science because science and



technology have adversely affected Western civilization. Even if the
argument has merit (which I do not believe), the suggested course of
action would be completely unrealistic. It is in the interest of ACs
and for the sake of their future relationship with LDCs to cooperate
fully with LDCs in the sharing of science. In doing so, the ACs might
have a beneficial effect by ensuring that the LDCs adopt the virtues and
avoid the mistakes in the organization, management, and use of science.
Failure to do so would not prevent the spread of science, but could pro-
duce tensions for some time to come.

Science must become part of the development of the LDCs, just as
it must continue to be part of the development of the ACs. With this
general ideal in mind, the task is to investigate the components of
science development and determine the best ways to assist LOCs in their
efforts to build science.
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Background and Comments

Surveying the various justifications for pursuing science in LDCs, one
quickly concludes that this question is inseparably connected with much
broader questions about the meaning and purpose of human 1ife--rather
basic philosophical questions. The situation is further complicated by
the fact that value systems are imposed by scientists, the population
which supports science, and the government which in most cases manages
science. Fortunately, science in LDCs, 1ike many other issues, does
not need to be justified on only one ground. Particularly in a hetero-
genous and democratic society, a cause can be argued with a whole spec-
trum of different justifications, each of which may carry different
weight with different people. The summary given below should be re-
garded not as a set of contradictory arguments but as a collection of
parallel propositions which together form a versatile and powerful
rationale for building science in LDCs.

Let me begin with some of the negative views found in the litera-
ture. Nader, in NADER 1969 (p.447ff), expresses a cautious concern
that the spread of science may amount to culturai imperialism and advo-
cates utilitarian justifications. She cites LOPES 1966, whose author
believes that science has little to offer LDCs: "The thesis that science
is universal is thus applicable essentially to the reduced universe of
the rich and advanced nations themselves." A similar view is expounded
in VARSAVSKY 1967, which argues that the LDCs doing science simply pro-
vides free research results for ACs to use for their own purposes. A
peculiarly timid view of science in LDCs is expressed in LEWIS 1961.

In all these views, there are implicitly the following two suggestions:
(a) there is a science for LDCs and a science for ACs, and the two are
drastically different; (b) scientific activity in LDCs should be
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postponed until the socio-political system is "right" (as judged, of
course, by the value systems of the authors). The main fault of this
viewpoint is its negativism and tendency to procrastinate. The time is
already late, and we must begin to act now. Furthermore, the different
nseience for LDCs" is never described in detail, and the arguments are
always on a fuzzy ideological plane. Particularly good examples of
this are BAZIN 1972a, 1972b, and 1973. I suspect that if it were ana-
lyzed carefully and dispassionately, the "different science” would
actually contain a large component of the standard international science.
It is, in fact, one of the strengths of science that it has such a
large body of universally accepted objective elements.

Positions such as those above are now definitely in the minority.
This was not so 15 years ago when talk about science in LDCs was some-
what rare (DEDIJER 1959). After the mid-1960s, however, the situation
changed rapidly. ROCHE 1966 remarks, “this whole process (i 2., the
use of scientific research in the LDCs) accelerated during the past
10 years, so that now at least 1ip service is paid generally to sci-
ence, and although there is still a widespread feeling that it is a
superfluous activity at our stage of development, very few dare voice
this opinion." BHABHA 1966b quotes Nehru: "It is an inherent obliga-
tion of a great country like India, with its traditions of scholarship
and original thinking and its great cultural heritage, to participate
fully in the march of science, which is probably mankind's greatest
enterprise today." It is interesting that Nehru's justification is by
no means in terms of utilitarian arguments, though of course Nehru
understood the great pragmatic influence of science on human life.

Several argue that indigenous science is necessary even in the
context of improving technology, as in JONES 1971 (p.7). One of the
most successful leaders of Indian technological research, Nayudamma,
remarks: "But ore thing must be made clear at the very beginning,
namely that no country can prosper simply by the importation of re-
search results. Every country...must form and maintain its own sci-
entific personnel and it must develop its own scientific community"
(NAYUDAMMA 1967).

12



The complex relationship between science and technology has been
extensively discussed, for example, in the eloquent articles of Derek
de Solla Price. PRICE 1965a analyzes the similarities and differences
between science and technology and explains how technology is dependent
on what was the forefrent of scientific research only a few years
before.

DE HEMPTINNE 1963 cites the UNESCO Regional Conference in Cairo
in 1960 as "insisting on 'scientific autonomy as an essential prereg-
uisite to national independence.’'" 1In the same article, de Hemptinne
(a leading figure in UNESCO's science policy program) points out that
to require a choice between concentrating on technical development on
one hand and undertaking research at all levels on the other is to
create an artifical dichotomy since in practice the former cannot be
done in the complete absence of the latter. The same view is asserted
in OECD 1968a (p.8): "An adequate domestic scientific 'infrastructure'
[is] necessary if the country {is] to make proper use of imported tech-
nologies."” In a report of a conference on the role of science and tech-
nology in Peruvian economic development, we find that

the unanimous opinion of the conference is that scientists consti-

tute an indispensable element in the development of an emerging

country for diverse und powerful reasons, among them: (1) their
essential function in the field of scientific research directed
toward better utilization of natural resources; (2) their indis-
pensable role in training new scientists and technicians capable
of planning, organizing, and implementing development programs.

(NAS 1966, p.7).

Other discussions of the need for indigenous science and technology
may be found in GANDHI 1969 (p.11), ZAHEER 1968, PERU 1970, UN 1970b
(p.10), UN 1969 (pp.10-12), and RAHNEMA 1969 (p.55). As mentioned
earlier, technology can sometimes solve sicial problems. Hence, sci-
ence has through its influence on technology a special contribution to
make to the overall development of a country. This point is discussed
in some detail by Weinberg in NAS 1967 (pp.415-34).

Further discussions of the role of science in terms of its utili-
tarian, economic effects are presented in 0AS 1972 (p.3 quotes from the
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Punta de) Este declaration), OECD 1969 (p.11-16), TASK 1970 (pp.2-7),
ALLENDE 1972, and OECD 1971c.

Let us turn now to more general arguments in the context of devel-
opment. For example, OECD 1968a stresses the importance of indigenous
science in the overall complex of development (pp.223-33). JONES 1971
(p.27) likewise emphasizes the importance of science to the general
developmeat process, as does UN 1970b (pp.8,10). Dedijer, one of the
earliest contributors to the literature on science in LDCs, makes the
sanc point in DEDIJER 1959 and 1963. In the latter, he remarks that
"practically every decision in any field of national endeavor, whether
it is the improvement of the trade balance or community development,
requires not only know-how but also scientific knowledge produced by
research performed in the local environment." The UN, in its World
Plan of Action (UN 1971a, pp. 31,45,46), specifically emphasizes the
importance of indigenous scientific research. Garcia agrees, though
his statements are perhaps ambivalent. In GARCIA 1966 he stresses the
utilitarian motivation for pursuit of science in LDCs while in GRUBER
1961 (p.71), he makes an eloguent argument on much broader grounds.

In both cases, it is evident that Garcia (a high-ranking academic leader
in Argentina) feels that universities belong in the forafront of scien-
tific development.

De Solla Price has demonstrated (see PRICE 1969c and most of his
other published writings during the last five years) that the "scien-
tific size" of a country (measured by the number of scientific authors)
is significantly correlated with its GNP, That is, the more productive
a country is in the sciences, the larger its GNP tends to be. This
relationship is shown dramatically in PRICE 1969a (p. 109.) One can see
that while the economic size (GNP) of countries can vary almost by a
factor of 10,000 and “scientific size" by a factor of 100,000, there is
a straight-line correlation between the logarithms of the two quantities.
The correlation holds for the overwhelming majority of the countries to
within a factor of 10 or so in the quantities themselves. Obviously, a
correlation is not necessarily a causation, and even if it is, one can-
not be sure which is the cause and which the effect. Nevertheless, the
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strong dominance of this correlation should strengthen the argument in
favor of science in LDCs.

A number of other effects of science is discussed in the litera-
ture. JONES 1971 (p.51) points out that the prestige of science is a
positive element in development. NAS 1966 (p.75) stresses the cultural
values. Prothro, in NADER 1969 (p.xviii), makes a concise case for
science as an enemy of stagnant traditionalism, inert stability, and
clinging to the absence of change, all of which are retardants to gen-
eral development. This role of science as creator of an atmosphere of
inquiry is also stressed in DART 1971b, BURKHARD 1966, and GANDHI 1969
(p.8). A different, perhaps dubious claim js made by Clarke in his
exposition of the UN World Plan of Action (CLARKE 1971, p.49) where he
suggests that "science promotes honesty."

I mentioned above that it might be politically unrealistic to try
to prevent LDCs from acquiring science, and I cited the nuclear nonpro-
liferation treaty as an example. Discussion of this point can be found
in ZOPPO 1971 and, in a somewhat broader context, MORAVCSIK 1972c.

Let us now examine even broader justifications involving per-
sonal values and philosophies for undertaking science in LDCs. As
will be evident, there are other than purely utilitarian arguments in
support of science in LDCs, or for that matter of science as a human
undertaking. Those who ignore these nonutilitarian arguments seem to
fall into two categories. They may deny altogether that other con-
siderations exist; that is, they hold as a personal philosophy that
the p .rpose and meaning of human 1i1fe is to feed and house human
beings. Alternatively, they may admit that higher motives exist but
claim that LDCs must wait until they achieved economic prosperity
before they can afford to indulge in nonutilitarian considerations.
Once made explicit, these assertions appear dubious; nevertheless,
they permeate discussions about science in LDCs in the literature
and in conversation.

Specific responses have come from three scientists from the LDCs.
Marcel Roche, one of the primary creators of Venezuelan science and an
internationally respected figure, states in ROCHE 1966:
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One often hears the opinion expressed that only research which is
immediately useful should be publicly supported. This is under-
standable but unfortunate. Latin America will start to contribute
significantly to humanity’s scientific progress--and to its own mate-
rial well-being at the same time--when it loses its complex about
the need for pracuvica! results, and simply develops a passion for
knowledge rather than a simple desire for material progress. The day
our community, and our scientists, discover the sense of purpose in
science--whether pure or applied--we shall be able to utilize to the
full, without social distortions, our real scientific potential,
whatever it may be, in both the pure and the applied areas.

A different aspect is illuminated by physicist Igor Saavedra, a
persistent, skillful, knowledgeable, and long-active builder of science
in Chile. in SAAVEDRA 1973, he stresses the long-term relevance of
building science and makes the incisive point that it is often more
effective to concentrate on adequately educating a new generation than
to waste time fighting with the old guard. The long-range nature of
science development is also stressed in USMANI 1964 (p.4) and OAS 1972
(p.5). A convincing documentation of the Japanese case can be found in
PRICE 1963 (pp.98-103).

A third example from the writings of scientists in LDCs is found
in CSA 1971a (pp.35-49). Abdus Salam, a Pakistani-born physicist and a
prominent activist in building science in LDCs, presents a beautiful
argument in a historical context. He points out, for example, the
absurdity of the claim that Pakistan had too many mathematicians at a
time when its population was 120 million and its mathematics manpower
consisted of 12 PhDs, (CSA 1971a indicates two PhDs, a misprint
according to Salam.) Similar arguments have been put forward by scien-
tists from ACs. My own writings, for example, reflect this broad Justi-
fication (MORAVCSIK 1964a,b,c, 1972a, and 1973c). For the desirability
of transmission of a scientific civilization as an argument in favor of
propagating science in LDCs, see MORAVCSIK 1973d.

A concise summary of various broad arguments in favor of science
in LDCs can be found in SKOLNIKOFF 1967 (pp.195-203). A quite different
picce is Holton's in INDIA 1970, part of a 1970 conference on physics
education and research in India. Holton offers a comprehensive motivation
for science in his usual erudite and cumpelling style.
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C.P. Snow, in his famous Two cultures (SNOW 1964), deals with sci-
ence development. Much of what he says about science in general per-
tains to our discussion. For example, his emphasis on science and tech-
nology as being mainly responsible for the high standard of living of
industrial workers in Western societies can he broadened and app'ied to
LDCs. On a different level, Snow's analysis of individual loneliness
and pessimism versus collective optimism also applies to our discussion.
In this respect, the natural sciences have a special feature largely
unique among human undertakings--their definite direction of progress.
Most other endeavors are either cyclic or at least noncumulative in a
structural sense. (A discussion of this point can be found in MORAVCSIK
1974a.) Thus, the pursuit of science opens up a new psychological
horizon which has a substantial effect on the world outlook. That this
broadening effect should be restricted to a small segment of the world's
population, ACs, is a thought most unbecoming of our age of egali-
tarianism and universalism.

Some relevant thoughts are expressed in WEINBERG 1967 (for exampie,
pp.36-7) about the role played by science in relieving exclusive concern
for physical survival and fulfilling the human aesire for purpose and
meaning in 1ife once the threats of hunger, disease, and exposure have
been averted. Broad discussions of science in this context are found
in CIBA 1972 and ZIMAN 1969 (pp.350-3).

A different but equally interesting aspect of the question is the
historical one discussed, for example, in BASALLA 1967. Basalla traces
the spread of Western science to LDCs. Perhaps a certain historical inev-
itability plays a part in this process just as other revolutionary ideas
hzve swept the world. In that sense, sharing science with LDCs may be
necessary not only from a political but from a historical point of view.

A rather remarkable book on attitudes toward science in LDCs has
been written by a politician. A deputy in the National Congress of
Venezuela, Rodolfo Jose Cardenas diew on his extensive experience of
interaction with the fledgling Venezuelan scientific community (CARDENAS
1970). It should be taken as a model for contact with science by poli-
ticians in every country.
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The preceding discussion has illuminated various attitudes, mainly
those of scientists, other intellectuals, and governmental personnel. It
is evident that the subject is controversial, and many opinions exist.
This is generally true even within a particular country. For example,
India has a very active and continuing debate on matters of srience
policy, including the justification of science itself. Speeches, con-
ferences, and articles serve as vehicles, and a special journal, Science
and culture, has served for many years as an outlet for such discussions.
The same is true, perhaps to a lesser extent, in most other countries.
There is, however, a notable exception. In the People's Republic of
China, the rationale for science is determined solely by the political
leaders in terms of political ideology. The aims were expressed, for
example, by Chou En-lai shortly before 1960:

Only by mastering the most advanced sriences can we ensure our-

selves of an impregnable national dcvense, a powerful and up-to-

date economy, and adegquate means to join the Soviet Union and the
other people's democracies in defeating th- imperialist powers,

either in peaceful competition or in any aggressive war which the
enemy may unleash. (WU 1970, p.46)

More explicitly, the justification of science is summarized as follows:

(1) Attainment of great-power status; (2) accelerated economic

development, which is identified with rapid industrialization;

(3) the maintenance of the Communist Party as supreme political

power. The first two goals call also for an intensive pursuit

of military R&D, with the aim of establishing a techno-scientific

organization to meet the defense needs of a great power, including

the creation .f an independent nuclear deterrent and the develop-

ment of ballistic missiles and delivery systems. (WU 1970, p.46).

The contrast between this set of aims and those of other LDCs is
not in the absence of other than utilitarian arguments. In other LDCs,
governmental pronouncements are sometimes the same but are couched in a
frank, explicit, and primary emphasis on the military advantages of
science. This attitude has a long-standing tradition in Chinese history
(WU 1970, pp.12-18). It is undoubtedly true that other LDCs have aspira-
tions toward military strength through science. But even in politically
explosive areas, such as the Mid-East or the Indian subcontinent, those

aspirations seldom play an openly significant role. Only time will tell
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to what extent Chinese scientist
for undertaking science.

s share this particular justification
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TwO
Eaducation and Science

Education in any country has a dual function. It must impart general
knowledge and a broad-minded attitude to the population as a whole, and
it must produce creative specialists in various areas of huran activity.
Science education in LDCs shares this function. Successful development
can hardly be visualized unless the spirit of inquiry and¢ the attitude
of experimentation permeate the population on a wide sca'e, character-
istics best established through a broad science education. At the same
time, in order to cope with the specific technical problems of scien-
tific and technological development, & sufficiently large cadre of
appropriately trained scientists and technologists must be produced.

A comprehensive discussion of the various problems pertaining to
science education at all levels in LDCs would be a thick volum in
itself. 1 will, therefore, describe only the general framework in
which science education takes place and then discuss ir areater detail
the specific problems of the education of specialists in science.

Science education in any country is carried out in the context of
the prevailing cultural environment. When a country has substantial
scientific and technological activity, and most of its people have sub-
stantial daily experience with science-based technological products,



science becomes part of the general cultural milieu making it easier to
build more science. But in countries where science exists at best for
a tiny group of highly educated people with specialized interests, and
science-based technological products are not regularly used by the
majority of the population, the traditional cultural context may differ
considerably from the "scientific" outlook. The characteristics of
such a traditional nonscientific background vary considerably from one
geographical region to another. Some examples will illustrate the dif-
ficulties frequently encountered by science education in LDCs.

In Nepal, the traditional outlook on nature and the kncwledge we
can acquire about nature demonstrates three important features. First,
popular Western scientific explanations of natural phenomena exist
side-by-side in the mind of each person with traditional mythological
explanations. There are no indications that the two sets of expla-
nations are seen in conflict with each other. Thus, earthquakes are
simultaneously regarded by the same person as caused by a fire inside
the earth and by a slight change in position of the turtle on whose back
the earth rests. That phenomena have a unique explanation (a basic
tenet of the scientific method) is, therefore, not part of the tradi-
tional thinking.

Second, regarding the method of learning about natural phenomena,
the virtually exclusive opinion in Nepal is that all new things about
nature can be learned by looking them up in a book or by asking an old
man. Thus, the most fundamental principle of scientific thinking, that
new information can be gained by experimentation, is not part of the
traditional view of the nature of knowledge.

Third, and perhaps most important, when asked how one would learn
about natural phenomena not described in books or known by old men, the
people answer that there are no such phenomena. According to the local
view, knowledge is closed and has already been exhausted; anything there
is to know is a matter of record. Thus, the central belief of science,
that we have just begun to learn about the world and by expanding our
knowledge and utilizing it we can create novel conditions for ourselves,
is not shared by the traditional view. Inasmuch as this belief in the
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power of an experimental approach to expand the frontiers of knowledge
is the basis of any significant development process, the discrepancy
between it and the traditional view is crucial.

Another example of traditional views of scientific knowledge is
found in Papua New Guinea, where such knowledge is viewed as the per-
sonal magic powers of the scientist or teacher who expounds or utilizes
it. The acquisition of scientific knowledge is considered an imitative
process achieved by association with the masters who have such magic
powers. The idea of experimentation, the absence of authoritarianism,
and the feeling of human control over knowledge are not part of the
Tocal view.

As mentioned, traditional views vary from one region to another,
and it is difficult to abstract the general effects that such views
might have on the implementation of science education in LDCs. But it
is likely that they contribute to one of the greatest impediments, rote
learning or memorization.

Mentioned above are same elements of scientific thinking that will
boost a country’'s ability to generate meaningful development: events
constantly change as a function of time, events can be influenced by
human efforts, and continued experimentation and learning is the road
to acquisition of knowledge and control of nature. But the characteris-
tics of science influence us on an even broader scale. For example,
many human efforts and attitudes are oscillatcry in time. The attitudes
of humanity as a whole or of particular societies toward social problems
(community welfare versus individual welfare, individual responsibility
for actions versus societal responsibility for the actions of its mem-
bers, man as a rational and nonreligious being versus man as a child of
God) have been changing throughout the ages, not by moving in a definite
direction but by swinging back and forth between two extreme positions.
From a long-range point of view, these oscillations in human attitudes
appear somewhat pointless, consuming much energy in situations where the
the absolute benefits of one position or another can hardly be established.

In contrast, science is one of the few human activities that has a
definite overall direction defined by relatively objective standards.
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This long-term purposefulness generates a spirit of optimism seidom
encountered elsewhere. Developments in science occur not because people
happen to have gotten tired of the way things were done yesterday, but
because the whole process of scientific exploration has a cohesive
structure which virtually determines the nature of future developments.
I believe that this perception of an overall direction is particularly
important in the awakening of creative powers in an LDC.

Science reinforces optimism in another important way. It is
assumed that every scientific problem has a solution. In the onerous
task of developing an LDC, when many of the greatest problems appear to
be insolvable, it is heartening to have contact with at least one realm
of human activity where solutions are always attained “hen sufficient
effort is exerted.

Finally, science is an antidote to provincialism and promotes
global contact and understanding. As the most international activity,
science tends to broaden horizons and promote cooperation and the ex-
change of ideas, thus cutting across cultural and political barriers.

In an age of intensifying nationalism, when the number of countries in
the world steadily increases, such denationalizing tendencies are impor-
tant for the future.

1 have mentioned some general features of scientific activity which
will have a strong effect on local cultural patterns, and I have pointed
out examples in which local patterns appear to be on a collision course
with scientific influences. This poses the question of whether scien-
tific and technological development entails the extermination of tra-
ditional cultural and societal patterns. Science in the non-Western
world is a sufficiently recent phenomenon that the question cannot be
answered with certainty. However, two considerations strongly indicate
that science and traditional cultural values can be blended.

First, they already coexist in the ACs. Not even the most single-
minded scientist would claim that Western civilization in the 20th cen-
tury is determined solely by science. Not only is it influenced by many
extrascientific cultural factors, such as religion, national and communal
beliefs and traditions, and personal and collective value judgments,
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but these influences can vigorously coexist with the elements of science
and technology. Indeed, popular attitudes in ACs are frequently no

more “rational” than those described in Nepal: people in ACs also accept
several simultaneous explanations of a problem even if they appear to
conflict with each other. As examples one could cite current environ-
mental debates, discussions surrounding the "energy crisis," beliefs
about the origin of life, or the upsurge of astrology. Thus, preemi-
nence of science need not mean the death of other cultural factors.
Science as such does not impose a complete set of values nor is it an
entire culture. It is simply an ingredient that can combine with a
variety of other elements.

The other strong indication that development of science does not
imply cultural conformity is the experience of the only markedly non-
Western country that has become a leader in science--Japan. Has Japan,
as a result of preeminence in science and technology, lost its cultural
traditions and values? Has it changed its social patterns to those of
the European tradition? [ asked these questions during my stay in
Japan in 1972 when I discussed various problems of science policy with
Japanese physicists. The overwhelming consensus was that considerable
superficial resemblance has indeed been created between Japan and other
ACs through Japan's evolution in science and technology: subways in
Tokyo resemble subways elsewhere, white-shirted commuters flood Tokyo
in the morning and return ome late in the afternoon, and so forth.

But on a deeper level, the freling was that development has not sub-
stantially affected the Japanese cultural, historical, and philosophical
tradition, and Japan continues to be fundamentally different from Europe
or America. In view of these considerations, it seems likely that sci-
ence does not destroy traditional culture but can be harmoniously incor-
porated into a variety of traditions and philosophies.

Let us now examine some specific problems of science education in
LDCs. Perhaps the most important point to emphasize is that the most
effective and appropriate science education must be indigenous to the
country. For reasons discussed below, education abroad is in the long-
run inferior to education at home. Thus, a primary effort in LOCs must
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be directed toward the building up of a high-quality, substantial
system of science education well-matched to local conditions as vell as
to the worldwide scientific community.

In some LDCs, the construction of such a system is just beginning,
while in others, such as India, there is already a huge network of edu-
cational institutions. To aid the creation of future institutions and
to bring about reform of existing ones, it would be best to concentrate
on the two most serious shortcomings of advanced science education
in LDCs.

First, there is a predilection for rote learning and memoriza-
tion. Not altogether unknown in ACs, this habit is deeply ingrained
in many LDCs. Examinations requiring exact recitation of material
are the rule. The situation is perpetuated by the system of external
examiners originally instituted to establish uniform standards. The
advantages of the original intention are by now almost completely out-
weighed by the disadvantages found in the lack of flexibility in exam-
inations. An effective antidote would be the widespread introduction
of open-book examinations for which memorization and rote learning are
of little use. The switch to open-book examinations is easier to
advocate than to execute, however, since it would involve a drastic
change in attitude toward science in general. It would also require
a teaching staff more knowledgeable and flexible than that which is
often available. Teachers educated in an atmosphere of memorization
and rote learning are often unable to adapt themselves to a situation
in which science becomes a method of inquiry rather than a set of
dead facts.

The second major shortcoming is premature specialization. After
exposure to science at what is considered the undergraduate level in
the US, students plunge into "research" which necessarily amounts to the
work of a glorified iaboratory assistant. Resulting scientists have
extremely narrow interests and an inadequate understanding of the funda-
mentals even in their special fields. I have often observed this
phenomenon, especially during the interviews conducted by the Physics
Interviewing Project in 1969,
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A peculiar argument is often made that a broad education is unnec-
essary because the student is being prepared for applied work and can
afford to specialize early. This argument is based on a complete mis-
conception of the nature of work in the applied sciences. On the con-
trary, being productive in the applied sciences requires a much broader
education than being active in the basic sciences. This is partly
because the basic scientist is more able to choose research problems
within the bounds of a single discipline than the applied scientist who
is generally confronted with a ready-made problem seldom falling within
the traditional disciplinary lines. This point has been emphasized in
a number of studies on the nature of applied science and has been con-
firmed by the experience of innumerable research institutions.

These two detrimental features in science education can produce
serious problems in science development. Scientists with a nonfunctional
understanding of science and an extremely narrow area of competence are
virtually useless from the standpoint of scientific productivity and its
connections with technological development. Thus, a body of scientific
deadwood accumulates clogging the system of science development and edu-
cation and constituting a serious obstacle to innovation, development,
and reform. Perhaps the most serious example of this situation is in
India, but there are many smaller countries plagued by the problem.

There are two other problems of a more general nature. One is the
common prejudice against experimental work in favor of theoretical pur-
suits, probably originating with the prevalent feeling that work not
involving one's hands is more prestigious than manual labor. This atti-
tude is one of the reasons for the serious lack of technicians. They
are usually in very short supply in LDCs, even relative to the small
number of scientists. A further consequence is that scientific communi-
ties develop great distortions in the ratio between theorists and ex-
perimentalists, which is bad not only for the relation of science to
technical application but also for science itself, since theory separated
from experiment tends to become ingrown and baroque.

The second deficiency is the almost complete lack of concern in
the curricula for the history, philosophy, and methodology of science
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and their implications for science policy and management. Admittedly
there is not much discussion of these topics in the scientific communi-
ties of ACs either, but the need there is less. In a large scientific
comunity with its institutions already well-established, only a few of
the older members are involved in such matters. In an LDC, however,
where the scientific community is very small, and the infrastructure is
still being formed, a substantial fraction of scientists must be con-
cerned at the beginning of their careers with activities in which these
subjects are relevant. There is a much greater need for education in
these areas.

It is not difficult to conclude that the listed shortcomings
greatly hinder the effective infusion of indigenous science jnto applied
developmental activities. The result is often a lack of contact be-
tween the two or a feeling of hostility which in turn decreases the
value of science in the eyes of those making local decisions in devel-
opment. Science is consequently neglected, a situation decried by all
and caused by all.

Many LDCs do not yet have an indigenous system of higher science
education and must send their students abroad. The situation may be
unavoidable, but it also raises hosts of problems. There is the matter
of cost. Foreign education tends to be expensive and requires foreign
currency. A few countries, such as Venezuela, Iran, and Malaysia, ex-
port sufficient amounts of raw materials to produce reserves of hard
currency for such education, most LDCs do not. It becomes importan®
for students to obtain financial assistance from the universities they
attend rather than from their home countries.

The situation in the US illustrates other problems. The US is
selected for illustration because of the large number of foreign stu-
dents in its universities, and statistical information is readily avail-
able. A similar situation exists in many other ACs, such as the United
Kingdom, France, and Germany. There are some 150,000 foreign students
at colleges and universities in the US, about 110,000 of whom are from
LOCs. Though this is a large number, it represents less than 10% of the
total college student population in the US. It fs understandable,
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therefore, that such students do not receive much special attention,
except perhaps in language training and general cultural orientation.
Yet, the needs of these students are different and more extensive than
the needs of most of their American counterparts. In particular, stu-
dents in the sciences have a number of special problems.

The first pertains to their selection. Science departments in
most American universities are il11-prepared to evaluate applications to
their graduate schools from students in LDCs. Lists of courses, tran-
scripts, and letters of recommendation mean 1ittle in the abstract.
Mistakes in admissions are often made. Consequently, either the safe
action of refusal is taken, or students are favored from a few somewhat
developed countries where the department has personal contacts through
alumni, expatriate faculty members, or acquaintances from scientific
conferences.

A partial remedy for this situation has been the Physics Inter-
viewing Project operated by CIEP. The project sends physicists to LDCs
to interview students interested in graduate education in physics in
the US. The interviewers prepare a brief report of the interview which
is made available to any university in which the student is interested
or to any university interested in the student. The program has been
supported by small contributions from a number of physics departments,
though this method of financing has proved unstable, time-consuming,
and inequitable.

Another problem is the unavailability of appropriate information
about educational institutions in ACs to students in LDCs. This re-
sults in many misconceptions and a general inability of students to
select institutions, to manage the application procedures, and to pre-
pare themselves for the tranzition once they have been accepted.

Skipping the problem of travel costs, let us turn to problems en-
countered in the US. American stucdents are likely, after the completion
of their education, to engage in scientific research or teaching in an
established institution managed by older scientists. In contrast, stu-
dents from LDCs, even in their first jobs, will almost certainly have to
work both on science and on the creation of institutions and opportunities
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to do science. Thus, students from LDCs, in addition to absorbing the
usual science curriculum designed for American students, should also have
an opportunity to learn how science is organized and managed. To do so,
they must be exposed to the problems of science shops and libraries,
purchasing and repairing instruments, science policy and organization,
university and laboratory administration, science-technology links, etc.
Such things are not taught in US graduate schools. A special interest
on the part of knowledgeable faculty is necessary to carry out such a
program. Perhaps summer seminars could be organized for science stu-
dents from LDCs who are already being trained at US graduate schools.

A prototype of such a seminar is being organized by CIEP.

It is most important that students in their beginning years in
graduate school lay a solid foundation of knowledge and competence in
order to appropriatelv develop later. Such caution and thoroughnesss
will probably be contrary to their own feelings which will urge them to
finish quickly, not repeating subjects they have already "learned" in
their home country. It is the duty of advisors to prevail on them to
proceed circumspectly. In this respect and others, the importance of
a faculty advisor cannot be overrated.

Advisors assigned co foreign students should, if possible, have
had personal experience in LDCs so they are able to comprehend the prob-
lems likely to arise. Advisors sh;uld also feel a responsibility for
the students after they have received their degrees and left for home
since the students are likely to need further advice and assistance in
their first jobs in their home country (in contrast to students in ACs
who are likely to be placed under somebody else's wing after completing
their doctorates).

Some scientists, confronted with students from disadvantaged back-
grounds, are willing to make allowances for that and develop them into
second-class professionals. I must strongly oppose this philosophy; it
is 1ikely to result in further discrimination against the students during
their professional careers. What LDCs can least afford is second-class
scientists. In ACs, run-of-the-mill scientists can find some spot where
their mediocre contributions can be utilized. In LDCs, where every
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person counts, such niches for the mediocre arc much less tolerable.
Thus, emphasis on quality is of utmost importance. In some LDCs, qual-
jty has alrecly been compromised and the manpower pool polluted giving
the impression of a manpower surplus. Such waste must be avoided.

A problam causing considerable vexation is the question of lan-
guage, In many LDCs, debates rage as to whether the local language or
the international language of science (English) should be used for ad-
vanced education in the sciences. There are sericus arguments on both
sides. Local languages often do not have the terminology for science.
Some argue that scientific concepts are influenced by the language of
those who invented them, and science would actually be more difficult to
comprehend in a non-European language. In some cases (1ike India) where
there is no single predominant local laiguage, the universal science
language might as well be English. It is also argued that since every
scientist has to learn some English in order to function in the inter-
national scientific arena, learning the language early in the educa-
tional process would be beneficial.

On the other hand, science education must also reach the masses;
hence, an indigenous terminology for science must be developed. Science
education in primary and secondary schools must be done in the local lan-
guages, and, it is claimed, switching to English at a later stage would
disrupt the learning process. Furthermore, learning science only in
English could prevent some students from accepting it as really their
own in a cultural sense and giving the impression that science is spe-
cifically asscciated with ACs. Some even suggest that the discouraging
predilection for rote learning might be due to students' having to absorb
science in a foreign language, though this claim is arguable.

A practical and reasonable solution to the problem is t¢ require
bilingualism at the university level. Learning a second language is
sufficiently simple for someone capable of being a scientist, and its
advantages are sufficiently numerous that the requirement of proficiency
in two languages by the age of 20 seems a very reasonable one.
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Background and Comments

Alfred North Whitehead once observed that while modern science was born
in Europe, its hame is the whole world. His remark points up the basic
predicament of science education in LDCs: with origins external to the
courtry, science must nevertheless grow strong indigenous roots.

The history of the spread of modern science from Europe to other
countries is perceptively analyzed in BASALLA 1967. He notes three
stages in this development: (a) initial contact and work by foreigners;
(b) "colonial science” (local efforts strongly influenced by the domi-
nant countries); and (c) independent or national science when the country
is a full-fledged memher of the international scientific community.
"Colonial science" might or might nct overlap with political colonialism.
For example, US science was "colonial” under the influence of Germany
at the beginning of the century.

A history of science in India from this point of view can be found
in LARWUOD 1961. Another description of Indian science, more from the
point of view of dominant personalities, is in RANGANATHAN 1959. A
vivid portrait of S. Bose, one such person, is given in BLANPIED 1972,
Discussing the same geographical area from the viewpoint of what is now
Pakistan, SALAM 1964b and 1965c provide a historical background in terms
of the Moslem world. For an account of scientific activity in India
prior to contact with the British, see DHARAMPAL 1971.

These accounts indicate that the science of the 3ritish colonies
in the 19th century was basically the same as that found in Britain.

To be sure, it did not take as well in the colonies as in Britain, but
the real divergence between the scientific development of the ACs and
the LDCs occurred in the second quarter of the 20th century when science
“exploded” in the ACs but failed to do so in the LDCs.
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A historical account of science in Egypt is given by Ibrahim I,
Ibrahim in NADER 1969 (p.581). A brief description of the situation in
the Philippines can be found in SALCEDO 1972 (p.176). In these historical
accounts, cultural elements play a prominent role. Among the general dis-
cussions of the subject, LIDA 1972 contains a broad collection of views.

A thoughtful essay with particular reference to LDCs is in DART 1963.

There appear to be conflicting views in the literature as to
whether indigenous culture and science are incompatible from the point
of view of the educational process. LARWOOD 1961 (p.95) gives this cul-
tural conflict as one of the main reasons why science did not take so
well in India. In a concise resume of social factors in science, DESSAU
1965 (p.18) emphasizes that fixed traditions are inimical to science.
This is also stressed in DART 1967 and 1972. UNESCO 1970a (an out-
standing, well-organized volume generated by a conference on science
and technology in Asian development) mentions traditions as an obstacle
to free inquiry (p.40). In an interesting analysis, ODHIAMBO 1967
(p.878-9) explains in some detail why African traditional culture is
not easily compatible with the philcsophy of modern science.

Taking a longer view, however, while conceding that these elements
are indeed obstacles, the overall situation does not appear to involve
a true conflict. In MOREHOUSE 1967 (p.371), Milton Singer argues that
traditional value systems and cultural elements will become perfectly
compatible with the results and ideals of modern science. A more de-
tailed account of his view can be found in MOREHOUSE 1968. A similar
argument is advanced by DART 1966, who suggests that people do not have
a single "culture," and science will be acceptable to many as a second
culture. More specifically, two scientists from LDCs assert that re-
ligious values and modern science are quite reconcilable (SINHA 1967 and
BHATHAL 1971c). ZIMAN 1969 (pp.354-5) believes that the cultural bar-
riers in the path of acquiring modern science are not exceedingly large.
APTER 1961 goes even further and claims that, because of the*r different
cultural history, the Western "two-culture" syndrome (discussed in SNOW
1964) will not develop in LDCs, and in some ways the cultural absorption
of science will be even smoother.
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Aside from inherent cultural conflicts, there are what might be
called the environmental effects of technical development. For example,
BHABHA 1966a (p.334), 1966b, and JONES 1971 (p.137) point out that in
ACs, acquaintance with modern science and technology starts with the
toys of the young child and continues to develop from then on. The im-
portance of early educational experience is also stressed by ZIMAN
1969 (p.356).

Specific studies of cultural factors in various count:ies can be
found in DART 1967, 1972, and 1973b with respect to Nepal; in PRINCE
1968, MACKAY 1973, DART 1973a, and 1973b concerning New Guinea; in
OLDHAM 1966 and W 1970 (p.i5) regarding China; and in RANGANATHAN 1959
on India. An interesting point is made by Mosse in ADAMS 1968 (p.157).
He contends that the distinct cultural identity of France has played a
major role in maintaining a low rate of brain drain from France to the US.

I have emphasized that science education must be indigenous, an
assertion with ample backing in the literature. RAO 1967 justifies it
in terms of the high cost of foreign education. (See, however, & com-
ment by a Japanese in OECD 1968a [p.55] who argues otherwise.) In NAS
1965b (p.9) ~nd RIAZUDDIN 1970, the argument is presented in terms of
the local relevance of indigenous education. For other general state-
ments, see NAS 1965b (p.2), Pihl in GRUBER 1961 (pp.244-7), and MORAVCSIK
1970b. The nature of the regenerative cycle of local education is
pointed out in RAD 1967 and MORAVCSIK 1964a, b, and c. MORAVCSIK 1972a
(p.205) states there is not enough room for all LDC students in AC insti-
tutions. In the same paper (p.206), indigenous education is linked with
a reduction of the brain drain.

A somewhat sensitive matter is the staffing of local educational
institutions with foreign teachers, especially in the former colonial
countries (see, for example, NAS 1965b, p.2). However, the problem of
expatriates is short term; they eventually retire and are replaced by
the first indigenous generation. Therefore, the question should not be
of high priority in the overall picture.

With indigenous education, the question of the language of instruc-
tion leaps to the foreground. For the situation in India, see
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KARVE 1965a, b and 1967 as well as BOSE 1965, RAY 1967a, CHATTERJI 1968,
and RAHMAN 1973 (p.171). For Pakistan, see USMANI 1971 (p.17). The same
problem is discussed in the Arab context in ZAHLAN 1970 (p.11) and with
respect to the People's Republic of China in OLDHAM 1966. For some
general comments, see MORAVCSIK 1970b (p.12). The broad consensus here
is that English has been established for the present as the international
scientific language, but Tocal languages must be developed to serve as
a medium for mass education and elementary levels of science education.

The importance of mass science education is overwhelmingly pro-
claimed in the literature. One of the few dissenting voices is that of
LEWIS 1961 who asserts that "we have made a fetish of universal elemen-
tary education" (p.44), and "the sciences upon which the various branches
of engineering depend may prove to be a menace rather than a help to
the new states" (p.43). Most other opinions are in sharp contrast.
RAM 1968 (p.5) quotes Nehru: "My interest largely consists in trying to
make the Indian people and even the Government of India conscious of
scientific work and the necessity for it." PIRIE 1967 (p.64) emphasizes
the importance of training future political leaders in the rudiments of
science. There are many references dealing with specific countries or
regions: see, fur example, PERU 1970 (p.38) and OAS 1972 (pp.42-6) for
Latin America. The situation in the People's Republic of China is de-
scribed in NATURE 1968, OLDHAM 1966, and WU 1970 (p.81). Particularly
strong efforts have been made there to achieve universal education in
the sciences. The effort is also significant $n Iran (RAHNEMA 1969,
p.55 and AID 1972a, pp.77-8). The work of UNESCO in this area began
almost at the agency's birth (BOK 1948, p.346) and was reemphasized in
1963 by the Secretary General (MAHEU 1963). Since then, UNESCO confer-
ences have repeatedly dealt with the importance of mass education in the
sciences (see UNESCO 1964c, pp.9,17, for details of the Lagos conference
dealing with Africa and UNESCO 1970a, p.34, for a description of the
New Delhi conference pertaining to Asia). For UNESCO's role in East
African education, see ODHIAMBO 1967 (pp.878-9).

If science education must be universal, then no student should be
denied it on grounds irrelevent to science. Thus, DESSAU 1969 (p.15)
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advocates equal opportunity for all social classes. Discrimination on
political grounds is discussed in HAMBRAEUS 1972 (p.152) and OLDHAN
1966 (p.44). A specific program in Singapore to design science edu-
cation for nonscientists in LDCs is detailed in BHATHAL 1970.

Those who plan science education in LDCs must keep in mind that
knowledge grows so rapidly that the factual basis of science education
soon becomes obsolete. An educatiunal system which produces scientists
who are obsolete at the time of their graduation is a dubious invest-
ment indeed. This difficulty is discussed in MORAVCSIK 1972a (p.209).
In ADISESHIAH 1969, the problem of rapid obsolescense appears in an
analysis of unemployment among Indian engineers. The need for quick
adaptability is also emphasized in JONES 1971 (p.140).

With regard to specific shortcomings of present science education
in many LDCs, rote learning is often mentioned in the Yiterature. An
incomplete collection of such citations is found in MORAVCSIK 1972a
(p.211), UNESCO 1970a (p.40), with respect to Asia; LARWOOD 1961 (p.92),
indicating that by 1840 this was already a significant problem in
India; MAHEU 1963 (p.27); UNESCO 1964d, with respect to Africa; ROCHE
1966 (p.60), in the context of Latin America; and ZAHLAN 1972d, concerning
the Arab world.

‘The oroblem of premature specialization is analyzed in MRAVCSIK
1972a (pp.208-9) and 1973f. The importance of broad competence in sci-
entific work, particularly in applied areas, js stressed by Teller in
NAS 1967 (p.375). An interesting case of premature specialization is
the "red and expert” scheme initiated in the People's Republic of China
in 1958. The plan was to rapidly educate millions to bolster the scien-
tific manpower. The scheme had failed by 1963 and was abandoned only to
be reinstituted in a slightly different form during the cultural revo-
Jution. It was withdrawn again after that period. (See WU 1970, pp.83,
96,101,103,105,400; HAMBRAEUS 1972, p.152; and RANGARAO 1966, p.343.)

Examinations are another obstacle to improvement of the educational
system in many countries. Often the student is evaluated only on the
basis of a single final examination (KARVE 1963, p.269). Examinations
are so important that cheating is quite common, and measures to end it
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can cause student riots (WILSON 1972). Sometimes examinations are
graded on unrealistically fine scales (KARVE 1963, p.270). The general
problem is grave enough to be singled out in the UN World Plan (UN 1971a,
pp.95,107). For an argument advocating open-book examin. ions, see

AID 1970 (p.28).

A special problem concerning student evaluation is the external
examination system originally instituted to assure uniform standards
throughout a large educational system. It resulted not only in a uni-
formly low standard but in the stultification of the educational system
and the obstruction of educational experimentation. For criticisms of
this practice, see KARVE 1963 (p.267), BLANPIED 1970, INLIA 1970 (p.1),
and INDIA 1969 (p.63).

A conspicuous manifestation of the formalistic view of educati:n
is the intense preoccupation with the syllabus, with what one teaches
rather than with how one teaches. In JONES 1971 (p.139), Elstgeest
comments that education in such countries is "rusted in syllabusitis."
My personal experience with the problem is related in MORAVCSIK 1966¢
(p.381). The conference proceedings in INDIA 1969 and 1970 are rife
with such concerns over the syllabus.

Science teaching without experimental activity is hollow, and yet
lack of laboratory training in LDCs is a common shortcoming. MAHEU 1963
lists this as a major problem. It is acute in India (RAM 1968, p.7) and
is prominently placed among the recommendations in INDIA 1970 (p.1). It
is also given conspicuous mention in the UN World Plan (UN 1971a, p.106).
The problem seems to be much less severe in the People's Republic of
China (OLDHAM 1966).

Science teaching can be improved by encouraging interaction be-
tween teachers and outstanding local scientists. An experiment to
promote such interaction is reported in NORTHRUP 1965, the Science
Lise Project sponsored by the Ford Foundation with a grant of 1.5
million dollars. The report does not contain an evaluation of the
experiment.

The training of technicians is a neglected area. ZAHLAN 1967 (p.9)
gives some striking 11lustrations. The UN World Plan considers this a
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serious shortcoming (CLARKE 1971, p.38). In the Asian context, the same
point is made in UNESCO 1970a (pp.59-61).

Science education in LDCs has 1ittle concern for the background of
science, for the history, philosophy, and methodology of science, and
for science policy and administration. Besides my own criticism,
MORAVCSIK 1972a (p.219), it is mentioned in RAY 1967b regarding India
and ZAHLAN 1970 (p.10) concerning Arab universities.

Textbooks are another weak point. ZAHLAN 1972d describes present
Arab science textbooks as "beyond salvation" and urges translating pro-
grams. UN 1971a (p.110) calls for low-cost textbooks, particularly for
Latin America. The Franklin Book Program (discussed in Chap. 4) is a
step in the right direction.

Complaints are sometimes made that, for practical purposes, there
are "no institutions" in some countries. ZAHLAN 1972c, for example,
speaking of the Arab Middle East, states that "not one single state in
the region has so far equipped itself with the jnstitution that could
identify and analyze problems of science and technology." And there
are a fair number of nominal institutions in that region. Hans A. Bethe
remarks in SALAM 1970b that if Indian universities started normal
graduate schools on the US pattern, every Indian scholar at present in
the US--their number exceeds five thousand--could be absorbed into the
new educational system with incalculable benefits to the quality of
Indfan education. Further discussion of graduate education for re-
search can be found in ZIMAN 1969 (pp.358-9).

Many educationai systems in LDCs offer few opportunities for
younger, more energetic scientists. While lack of experience and other
considerations bar young scientists from assuming exclusive control of
the educational system, their participation on a meaningful level in
decision-making as well as in daily duties should be strongly encouraged
(MORAVCSIK 1972a, p.213).

Because of these shortcomings, science education in LDCs often
fails to be functional. This is seen in DESSAU 1969 (p.16) and NAS
1971e (discussing mathematics education in Colombia). This brings us
to the question of the role of applied sciences in education.
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Some claim that the inapplicability of science in LDCs has resulted
from a conscious effort by ACs to retard technological development.

Such a view was voiced, for example, in ALLENDE 1972 (p.32) with regard
to Chilean copper technology. However, the record seems to indicate
exactly the opposite. Countless scientists from ACs have urged their
colleagues in LOCs to make strenuous efforts to bridge the gap between
science and its applications. But if science education is nonfunctional,
such a bridge cannot be built,

The goals to be achieved are eloquently described in NAS 1967: "A
good applied scientist should first of all be a good scientist by stan-
dards similar to those applied to basic scientists" (p.7); "To an in-
creasing degree the advance of technology requires contributions from
a variety of scientific and technical fields" (p.14); "The highest-
quality applied work is often done in an environment in which a substan-
tial pool of people with original training in the basic sciences can be
drawn upon for applied research and development activities, especially
as these people broaden and mature in experience” (p.17); "A fundamental
problem in the education of the modern applied scientist is how to train
him to bring a basic research viewpoint and approach to sc:ence without
creating in him a disdain for, or impatience with, applied problems"
(p.40).

These problems have been discussed in a number of writings. The
need for breadth in applied science education is emphasized in MORAVCSIK
1972a (p.207) and in engineering and agricultural education in UNESCO
1970a (pp...-63,68). BHABHA 1966a (p.340) and 1966b stress the need
for special training in certain key areas not provided by the universi-
ties. Such special training was undertaken, for example, in metallurgy
in Argentina (SABATO 1963). Often there is a lack of understanding of
the nature of applied scientific work, and an overly narrow view is
taken in assessing the educational requirements for it (pointed out in
ZAHLAN 1967, p.9).

Should universities then undertake applied research activities in
order to enhance the coupling between education and applied science?
That basic research activities must be part of the university is generally
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agreed on (and is emphasized particularly in GARCIA 1966, p.13; OECD
1968a, pp.93,123; and ZAHLAN 1972c). The balance between teaching and
research at universities is indeed a matter of concern in the Pecple’'s
Republic of China (WU 1970, p.62). But whether and how applied research
should be undertaken at universities is less settled. JONES 1971 (p.147)
maintains that when students are exposed only to basic research, they
become biased and prone to "elitism." GARCIA 1966 is also in favor of
applied research. He believes that Latin American universities could
provide badly needed leadership in the development and application of
science. More contact between universities and applied research activity
fs also urged in CST 1970 (p.95). Brooks, in NAS 1967 (p.36), is more
cautious speaking about the US. He proposes criteria to be met by a
university-run applied science project: it should be readily general-
izable, involve student participation, produce broadly publishable
results, have roots in basic research, benefit the public sector, and
have a leader drawn from the university's science faculty. At any rate,
applied research in the universities would invariably strengthen con-
tacts between university scientists and industry (MORAVCSIK 1972a,

p.222, and INDIA 1969 and 1970).

So far, 1 have dwelled on the shortcomings of science education in
LDCs, but the picture is not altogether bleak. Much is being done to
remedy the situation. General affirmation of the importance of univer-
sities is found in all parts of the world, .and thoughtful studfes exist
which analyze the shortcomings. See Garcia jn GRUBER 1961 (pp.202-6)
on Latin America and Shils in SHAH 1967 (pp.475-500) on India. For a
narrative account, see WILSON 1972. Asaihl has a long list of publica-
tions dealing with problems of science education in Southeast Asia;
see, for example, ASAIHL 1964, 1967, and 1969. Further information can
be found in RODERICK 1962, ODHIAMBO 1967 (p.878), and UNESCO 1970a
about UNESCO's work; OAS 1970 on the programs of 0AS; and CLAF 1971 (p.6)
concerning the activities of CLAF. INTERAMERICAN 1969 (p.29) discusses
the loan of 134 million dollars made by the Interamerican Development
Bank to educational institutions in Latin America. Suggestions re-
garding a World University are offered in SALAM 1970a.
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Curricular improvement is taking place everywhere. The worldwide
listing of curricular developments in science and mathematics (LOCKARD
1972) shows 44 events (among 187) which are taking place in LDCs. (For
East Africa, see ODHIAMBO 1967, pp.878-9). A less sanguine impressiuon
is created by UNESCO 1970g, a directory of educational research institu-
tions in Asia. Among the approximately 1500 projects 1isted, only
about 70 pertain to science. Educational reform in LDCs is urged strongly
by ZIMAN 1973.

International bodies are interested in curriculum improvement; for
exampies, see 0AS 1972 (pp.40-4) and UN 1971a. In addition, various
American science curricula have been adopted in LDCs (see ASIA 1972b for
the BSCS biology program and Zacharias in GRUBER 1961, p.237, for a phys-
ics program). Project Physics, instituted by Gerald Holton of Harvard
University, has been collaborating with LDCs. The process must not be
a mere transfer of the original American curriculum but rather an imag-
inative adaptation of its basic principles to local circumstances.

A rather extensive program to improve Indian education has been
the US National Science Foundation's Science Education Improvement Pro-
Ject designed to retrain and reorient teachers through summer seminars
and to develop institutions through curricular and material improvement,
NSF 1973 gives a detailed account of the project as well as a frank
evaluation of its successes and failures. Concerning the latter, there
may be differences of opinion, as seen in HAFNER 1967 which deals with
a predecessor of the NSF project.

When the problem involves a quantitatively large but qualitatively
questionable educational system, a possible solution is to single out a
few promising institutions and develop them into centers of high cali-